Eight independent isolates of a Gram-reaction-negative, non-motile rod, were recovered from clinical specimens of New York State patients between the years 2005 and 2013. Four of these isolates were characterized in a taxonomic study using a polyphasic approach that involved phenotypic, phylogenetic and genotypic methodologies. Based on 16S rRNA gene sequence similarity and phylogenetic analysis, the closest relative type strain of the isolates is Paracoccus sphaerophysae HAMBI 3106 T (97.7 % 16S rRNA gene sequence similarity).
The genus Paracoccus comprises a versatile group of bacteria. At the time of writing, there are 40 species of the genus with validly published names (http://www.bacterio. net/paracoccus.html), with all but one recovered from environmental sources such as mud, soil, groundwater and sludge (Kelly et al., 2006) . Between the years 2005 and 2013, the New York State Department of Health (Wadsworth Center) received eight clinical isolates that appeared likely to represent a single novel species of the genus Paracoccus. Paracoccus yeeii is the only other member of the genus to have been isolated from clinical specimens, including blood, ears, ankle wounds, cerebrospinal fluid, eyes, bile, abdominal dialysate, leg lesions, toe and skin (Daneshvar et al., 2003) . Based on the appearance of multiple clinical isolates of Paracoccus received at the Wadsworth Center, we undertook the polyphasic study described below, and report that four of the eight isolates (05503 T , 10990, 39524 and 04681; Table 1 ) represent a novel species of the genus Paracoccus.
The four strains we have characterized were all isolated from human blood ( Table 1 ). All strains were routinely grown on trypticase soy agar (TSA) supplemented with 5 % sheep blood in a 5 % CO 2 incubator at 37 8C. Strain 05503 T was selected as the type strain and was deposited at the DSMZ and BCCM/LMG stock centres (Strain 05503 T 5DSM 29303 T 5LMG 28451 T ).
The near full-length 16S rRNA gene sequence of 1385 nt was obtained for each of the four isolates as previously described (Wolfgang et al., 2011) . Sequence similarity among the four isolates was 100 %. Identification of the most closely related nearest neighbours with validly published names was completed through a BLAST search against the EzTaxon database which employs a pairwise sequence alignment algorithm (http://eztaxon-e.ezbiocloud.net/; Kim et al., 2012) . This search revealed that the top match for 16S rRNA gene sequence similarity was Paracoccus sphaerophysae HAMBI 3106 T (97.7 % 16S rRNA gene sequence similarity). The 16S rRNA gene sequences of the top 50 matches from the EzTaxon database search were obtained and aligned with the four novel isolates using the CLUSTAL W tool of the MEGA 5.2 software package (Tamura et al., 2011) . The alignment was exported to PhyML 3.0 (Guindon & Gascuel, 2003) for phylogenetic analysis. An unrooted maximum-likelihood tree was reconstructed using the following parameters: general time-reversible model (GTR), five substitution rate categories, and five random starting trees. The reliability of the tree was obtained by using the approximate likelihood ratio test (aLRT) (Anisimova & Gascuel, 2006) (Fig. 1) . Bayesian phylogenetic inference (MrBayes) and neighbourjoining phylogenetic analysis (MEGA 5.2) was also completed; common nodes among the trees produced are indicated with asterisks ( Fig. 1 ). All four novel strains clustered in a well-supported clade and were separate from other known species of the genus Paracoccus. The following representatives of well-supported, neighbouring clades to the novel strains were included in this study as reference strains: Paracoccus denitrificans DSM 413 T (type species of the genus; 95.7 % 16S rRNA gene sequence similarity), P. sphaerophysae HAMBI 3106 T (97.7 %), Paracoccus versutus DSM 582 T (96.7 %) and Paracoccus halophilus JCM 14014
T (96.6 %) (Fig. 1 ).
For biochemical analysis, all novel strains in addition to the most closely related type strains, P. denitrificans DSM 413 T and P. versutus DSM 582 T , were grown on TSA supplemented with 5 % sheep blood in 5 % CO 2 at 37 8C. The other most closely related type strains, P. sphaerophysae HAMBI 3106 T and P. halophilus JCM 14014 T did not grow under these conditions and were therefore grown on modified nutrient agar (Deng et al., 2011) and marine agar (Liu et al., 2008) , respectively, and incubated aerobically at 28 8C. To determine the optimal growth temperature, cultures of all strains except P. sphaerophysae HAMBI 3106 T and P. halophilus JCM 14014 T were inoculated into trypticase soy broth (TSB) and incubated at 4, 22, 28, 37, 42, 45 and 55 8C for 7 days. P. sphaerophysae HAMBI 3106 T and P. halophilus JCM 14014
T did not grow in TSB and were therefore cultured in nutrient broth (Deng et al., 2011) and 6.5 % NaCl broth (pH 5.0) (Liu et al., 2008) , respectively. Similarly, to determine the optimal pH conditions for growth, all cultures except P. sphaerophysae HAMBI 3106 T and P. halophilus JCM 14014 T were incubated for seven days in TSB that was adjusted with HCl or NaOH to pH 5.0, 6.0. 7.0, 8.0, 9.0 and 10.0. P. sphaerophysae HAMBI 3106 T was cultured in nutrient broth and P. halophilus JCM 14014
T was cultured in 6.5 % NaCl broth that was adjusted to the aforementioned pH values. NaCl tolerance was determined by inoculating all cultures except P. sphaerophysae HAMBI 3106 T into NaCl broth (2, 5, 8, 10 and 13 %, w/v) and incubating for 7 days. P. sphaerophysae HAMBI 3106
T was cultured in nutrient broth that was adjusted to the same NaCl concentrations. Growth was determined by turbidity of the cultures in broth on days 1, 2, 3 and 7 after inoculation.
Cellular fatty acid (CFA) analysis was performed on all strains including the four reference strains. All strains except P. halophilus JCM 14014
T were cultured on trypticase soy broth agar (TSBA) at 28 8C for 24-48 h.
P. halophilus JCM 14014
T did not grow on TSBA and was therefore cultured on marine agar (MA) (Liu et al., 2008) at 28 8C for 24-48 h. Fatty acid methyl esters were extracted according to manufacturer's instructions and analysed on an Agilent Technologies 6890N gas chromatograph following the Sherlock Microbial Identification System (MIDI) TSBA 50 method. The predominant CFA of strain 05503 T was C 18 : 1 v7c, which was also the predominant CFA found in the most closely related type strains ( Table 2 ). The reference strains P. versutus DSM 582 T , P. halophilus JCM 14014 T and P. denitrificans DSM 413
T contained more C 16 : 0 than strain 05503 T , while P. sphaerophysae HAMBI 3106
T contained more C 10 : 0 3-OH than strain 05503 T ( Table 2 ). The three other novel isolates had a similar CFA profile as strain 05503 T with some variations (Table S1 , available in the online Supplementary Material).
Previous studies have indicated that alternative methods such DNA-DNA hybridization (DDH) must be utilized when organisms share more than 97 % 16S rRNA gene sequence similarity with another species with a validly published name (Tindall et al., 2010) . P. sphaerophysae HAMBI 3106
T has a 16S rRNA gene sequence similarity of 97.7 % compared to strain 05503 T , so further studies were carried out to support classification of the four isolates as a novel species of the genus Paracoccus. In lieu of DDH, wholegenome sequencing was performed on the four novel isolates (04681, 10990, 05503 T and 39524) as well as P. sphaerophysae HAMBI 3106 T , P. versutus DSM 582 T , and P. halophilus JCM 14014 T . Genomic DNA was extracted from cultures using the DNeasy Blood and Tissue kit (Qiagen) spin column protocol. Library preparation was performed using a Nextera XT kit (Illumina). Whole-genome sequencing was performed on a MiSeq Fig. 1 . Maximum-likelihood phylogenetic tree based on the nearly full-length 16S rRNA gene sequences of the four novel strains and 37 species of the genus Paracoccus with validly published names. The tree was rooted with Rhodobacter sphaeroides ATCC 17023 T (GenBank accession no. DQ342321). The branch probabilities were determined using alRT; any probabilities ,50 % are not shown. Asterisks indicate the nodes that were also recovered from Bayesian phylogenetic inference or neighbour-joining phylogenetic analysis, or both. Bar, 0.05 expected nucleotide changes per site.
instrument (Illumina) with a 250 bp read length and paired-end reads. Reads were deposited in the short read archive at NCBI (BioProject PRJNA254739) ( Table 1) . De novo assembly of the genomes was performed using SPAdes software implemented at BaseSpace (Illumina). Annotation was performed with RAST (http://rast. nmpdr.org/) (Overbeek et al., 2014) (Table S2 ). Sequence scaffolds of the four novel strains (04681, 10990, 05503 T and 39524) were deposited in the GenBank/EMBL/DDBJ database under the accession numbers JRKT00000000, JRKR00000000, JRKQ00000000 and JRKP00000000, respectively. Sequence scaffolds of P. sphaerophysae HAMBI 3106 T , P. versutus DSM 582 T and P. halophilus JCM 14014 T were also deposited in the GenBank/EMBL/DDBJ database under the accession numbers JRKS00000000, JRKO00000000 and JRKN00000000, respectively. The genome of P. denitrificans PD1222 was used for whole-genome analysis in this study and is available in the GenBank/EMBL/DDBJ database under accession no. NC_008686.
For species delineation, the recommended threshold of 70 % genomic relatedness based on DDH (Wayne et al., 1987) has been found to correlate to 95-96 % average nucleotide identity (ANI), derived from a whole genome sequence (Goris et al., 2007) . ANI values were calculated using EzGenome (http://www.ezbiocloud.net/ezgenome/ ani) which employs the ANI algorithm previously described (Goris et al., 2007 (Table S3 ). When strain 05503
T was compared to the other novel isolates (04681, 10990 and 39524), the ANI values were in the range 95.4-97.2 %, which meets the threshold for same species delineation (95-96 %) and serves as further evidence that the four isolates represent a single, novel species (Table S3 ).
In addition to ANI, in silico pairwise DDH values were estimated for the novel strains and the most closely related strains using the genome-to-genome distance calculator (GGDC 2.0) (http://ggdc.dsmz.de/distcalc2.php) (MeierKolthoff et al., 2013 T and P. denitrificans PD1222 were in the range 20.8¡2.3 % to 26.2¡2.4 %, which is well under the proposed threshold of 70 % for same species designation (Wayne et al., 1987) (Table S4 ). This result further supports classification of strain 05503
T as a novel species. Further GGDC analysis was completed between strain 05503 T and three other novel strains (04681, 10990 and 39524). Among the novel strains, there is slightly more variability in the pairwise DDH estimated values. The range for the values is between 66.6¡2.9 % and 79.0¡3.7 % (Table S4) . Studies have indicated that the 70 % threshold used for species delineation is not applicable to all prokaryotic genera (Goris et al., 2007) . Furthermore, the range .60 % has been proposed as an acceptable range for same species delineation (Richter & Rosselló -Mó ra, 2009 ). In conjunction with the ANI results, the results of the GGDC analysis show that at the whole genome level, strains 05503 T , 04681, 10990 and 39524 represent a single species that is distinct from the most closely related species in the genus.
Matrix-assisted laser desorption/ionization time-of-flight (MALDI-TOF) MS data were obtained for the four novel isolates in addition to the most closely related type strains. An inoculum of each strain was spotted onto two wells of a MSP 96 steel target plate and analysed on the microflex LT MALDI-TOF mass spectrometer (Bruker Daltonics). Spectra were analysed with Flex Analysis 3.0 software (Bruker Daltonics) and with the MALDI Biotyper 3.0 software for Micro-organism Identification and Classification (Bruker Daltonics). Results showed that strain 05503
T has a prominent peak that occurs at m/z 4994.357; this peak is not present in the spectra of the most closely related type strains (P. sphaerophysae HAMBI 3106 T , P. versutus DSM 582 T , P. halophilus JCM 14014 T and P. denitrificans DSM 413 T ( Figure S1 ).
The characteristics that support inclusion of the novel isolates in the genus Paracoccus are: (i) 16s rRNA gene sequence phylogenetic analysis (Fig. 1) (ii) Gram-reaction-negative rods or cocci, (iii) catalase-positive, (iv) oxidase-positive, (v) non-motile (vi) has C 10 : 0 3-OH as a predominant hydroxyl fatty acid and C 18 : 1 (C 18 : 1 v7c) as a major non- hydroxyl fatty acid, and (vii) has a DNA G+C content between 64-70 %mol (Katayama et al., 1995) .
Distinguishing characteristics between the novel strains and the most closely related type strains are: (i) the absence of acid production from multiple carbohydrates in Hugh-Leifson's Oxidation-Fermentation media (Hugh & Leifson, 1953) , (ii) the inability to utilize acetate, (iii) the inability to utilize urea, (iv) colour of colony pigmentation, (v) the ability to grow in an anaerobic environment (Table 3) , and (vi) genome assembly size (Table S2) .
Based on 16s rRNA gene sequences, phylogenetic analysis, phenotypic analysis, CFA analysis, whole-genome sequencing analysis and MALDI-TOF MS data, we conclude that all four strains represent a single novel species of the genus Paracoccus, for which we propose the name Paracoccus sanguinis sp. nov.
Description of Paracoccus sanguinis sp. nov.
Paracoccus sanguinis (san.gu9i.nis. L. masc. gen. noun. sanguinis blood, the source of the isolates is blood).
Cells are Gram-reaction-negative rods, 5.0-10.0 mm in length, appearing in pairs or chains, are non-motile, and are facultative anaerobes. Colonies are 0.5-1.1 mm at 48 h, are pale yellow, moist, circular and convex, are non-haemolytic on TSA supplemented with 5% sheep blood and have entire margins. Growth occurs at 22-37 uC, with the optimal growth at 28 uC. Inter-strain variation in growth occurs at the following temperatures: 4, 42, 45 and 55 uC (Table S5) . Cells grow between pH 7.0-9.0, with the optimal growth at pH 7.0. Inter-strain variation in growth occurs at pH 5.0, 6.0 and 10.0 (Table S5) . Cells grow in 2-8% NaCl with the optimal growth occurring at 2% NaCl. Inter-strain variation in growth occurs at 10% NaCl and 13% NaCl (Table S5) 
